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PREFACE. 


The object of this work was to bring together 
the vanous procedures and applications of the 
volumetric iodate methods in order that they 
may be more readily available for use. The 
methods have been employed in connection with 
routine analyses as well as with investigational 
work for about twenty years both here and 
abroad, but much more extensive use has been 
made of them within recent years. 

The great stability of the potassium iodate 
solution and the remarkable sharpness of the end 
point of the titration are noteworthy. The non- 
interference of many kinds of organic matter 
makes these methods applicable to cases in which 
the permanganate method could not be satisfac- 
torily used. The procedure can readily be 
adapted to the determination of many if not all. 
of the substances to which Bunsen’s process of 
distillation with potassium iodide and hydro- 
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chloric acid is applicable with much less expeudi- 
ture of time and far simpler apparatus. 

Throughout the text “hydrochloric acid” refers 
to the pure, concentrated acid (sp. gr. 1 . 18 ) unless 
otherwise stated. 

A bibliography, giving complete titles, will be 
found at the back. 

G. S. J. 
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THE lODATE METHOD. 


This method, which was first proposed in 1903 
by L. W. Andrews (J. Am. CSbem Soc., SS, 756) 
for the titration of a number of reducing sub- 
stances such as free iodine, iodides, arsenites, and 
antimonites in a very satisfactory manner, de^ 
pends upon the formation of iodine monochloride 
and the disappearance of the iodine color im- 
parted to an immiscible solvent such as chloro- 
form or carbon tetrachloride. This method of 
titration has been found to be one of the sharpest 
and most uniform in its results. Since aU of the 
iodine which remains during the latter part of 
the titration is collected in the small volume of 
immiscible solvent, the accuracy of the end re- 
action is extraordinary. When a titration has 
actually been completed there is no return of 
iodine color even ^ter keepmg the solution for 
a day. 

The titration is made in glass-stoppered bottles 
or fiasks of 250 or 300 cc. capacity in the presence 
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VOLUMETRIC lODATE METHODS 

of hydrochloric acid. It is necessary to have at 
least 12 per cent of actual hydrochloric acid 
present in the titrated solution, otherwise hydroly- 
sis of the iodine ruonochloride with the forma- 
tion of iodine is hable to occur. With the direc- 
tions given for the various titrations, it is not 
difficult to maintain the proper concentration of 
hydrochloric acid. 

In a few cases, particularly where very small 
quantities of a substance are to be determined, 
it has been found advantageous at times to add 
a small quantity of iodine monochlonde dissolved 
m hydrochloric acid and titrate the hberated 
iodine with the potassium iodate solution. This 
obviates any danger of over titrating the solu- 
tion at the begiiming, besides the use of iodine 
monodiloride enables one to make these titrations 
much more rapidly. The addition of lodme 
monochloride to a solution before titration causes 
no change in the volumetne relations of the potas- 
sium iodate with the substance being estimated. 
However, it is essential that the iodine mono- 
chloride solution should be entirely free from 
either iodine or iodic acid. A convenient solution 
of iodine monochlonde may be prepared as fol- 
lows: Dissolve 10 grams of pure potassium 
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iodide and 6.44 grams of pure potassium iodai 
in 75 ce. of water, add 76 ce. of hydrochloric aci 
aJid 5 cc. of chloroform in a glass-stoppered bottl 
st,nd adjust exactly to a very faint lodme coh 
( chloroform) by shaking and adding dilute pota 
Bilim, iodide solution or potassium iodate as th 
case may require. When not in use, this solutio 
should be kept m a dark place. 

It should be observed that iodate titratior 
can be made in the presence of filter paper, alee 
liol, formaldehyde, acetic and other saturate 
orgamc acids, as well as many other kinds ( 
o-rganic matter. 

For the preparation of standard iodate soli 
tions, it is recommended that normal potassiui 
iodate be employed because it is a very stab) 
salt of constant composition and it can be readil 
purchased in a pure condition. Before using th 
salt it should be dried at about 120° C to insur 
its freedom from moisture. Unlike most voli 
inetric solutions, the iodate solution is mad 
standard by sunply dissolving the calculate 
weight of the salt in distUled water and dilutin 
to the proper volume. This is best done b 
weighing the salt accurately on a watch glass an 
transferring it by means of a camel’s hair brus 
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of hydrochloric acid. It is necessary to have at 
least 12 per cent of actual hydrochloric acid 
present in the titrated solution, otherwise hydroly- 
sis of the iodine monochloride with the forma- 
tion of iodine is liable to occur. With the direc- 
tions given for the various titrations, it is not 
difficult to maintain the proper concentration of 
hydrochloric acid. 

In a few cases, particularly where very small 
quantities of a substance are to be determined, 
it has been found advantageous at times to add 
a small quantity of iodine monochloride dissolved 
in hydrochloric acid and titrate the liberated 
iodme with the potassium iodate solution. This 
obviates any danger of over titrating the solu- 
tion at the b^inning, besides the use of iodine 
monochloride enables one to make these titrations 
much more rapidly. The addition of iodine 
monochloride to a solution before titration causes 
no change m the volumetric relations of the potas- 
sium iodate with the substance being estimated. 
However, it is essential that the iodme mono- 
chloride solution should be entirely free from 
either iodme or iodic acid. A convenient solution 
of iodme monochloride may be prepared as fol- 
lows: Dissolve 10 grams of pure potassium 
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de and 6.44 grams of pure potassium iodate 
6 cc. of water, add 75 cc. of hydrochloric acid 
6 cc. of chloroform m a glass-stoppered bottle, 
adjust exactly to a very faint iodine color 
ioroform) by shaking and adding dilute potas- 
Q iodide solution or potassium iodate as the 
! may require. When not in use, this solution 
lid be kept in a dark place. 

: should be observed that iodate titrations 
be made in the presence of filter paper, alco- 
formaldehyde, acetic and other saturated 
inic acids, as well as many other kinds of 
inic matter. 

or the preparation of standard iodate solu- 
s, it is recommended that normal potassium 
i,te be employed because it is a very stable 
of constant composition and it can be readily 
ihased in a pure condition. Before using the 
it should be dned at about 120° C. to insure 
freedom from moisture. Unhke most volu- 
ric solutions, the iodate solution is made 
dard by simply dissolving the calculated 
jht of the salt in distilled water and diluting 
the proper volume. This is best done by 
dimg the salt accurately on a watch glass and 
sferring it by means of a camel’s hair brush 
9 
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directly into the dry graduated flaak. The flask 
is filled half full with water and geiitl3>- rotated 
untfl. the salt is completely dissolved before the 
solution is brought to the final volume. The solu- 
tion wiU keep its strength mdefinitely. Solutions 
kept for ten years showed no measurable change 
and the only precaution taken was to prevent 
evaporation. Should there be any uncertainty in 
regard to the punty of the potassium iodate at 
hand or in connection with the relations of the 
volumetric apparatus, it would be advisable to 
standardize the solution Some analysts employ 
a standard solution of potassium iodide for cases 
in which a solution has accidentally been over- 
titrated by potassium iodate. A small measured 
volume of the potassium iodide solution, which 
has previously been standardized by titrations 
with the iodate solutions, is added and after 
shaking the solution, the titration with potassium 
iodate is continued. The proper deduction is to 
be made for the potassium iodide used. 

It should be observed that since both iodine 
and potassium iodide react with potassium iodate 
in the presence of hydrochloric acid, the iodate 
method cannot be employed for the standardiza- 
tion of iodine solutions. The equations for the 
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3tions of potassium iodate widi potassium 
ide and iodiue m the presence of 12 per cent 
nore of hydrochloric acid are as follows: 

Cl + KIOs + 6HC1 = 3KC1 + 3IC1 + 3 H 2 O 
ila + KIOs H- 6HC1 = KCl + 6IC1 + 3 H 2 O 
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THE DETERMINATION OP ANTIMONY 

The method is based on the titration of anti- 
monious compounds with potassium lodate in the 
presence of 15 to 20 per cent of actual hydro- 
chloric acid according to the following equations: 

2SbCls + KIOs -f 6HC1=^ 2SbClB + KCl -b 
ICl -h 3 H 2 O 

2H8Sb08 -h KIOs + 2HC1 = 2 H 3 Sb 04 -f- 
KCl -f- ICl -1- H 2 O 

The method was tested by dissolving weighed 
quantities of Kahlbaum’s pure antimony in con- 
centrated sulphunc acid, takmg precautions to 
heat the solution until all of the sulphur dioxide 
was volatilized. After the addition of water and 
hydrochloric acid as directed below, the solution 
was titrated with potassium iodate, 1 cc. of which 
corresponded to 0.00400 gram of antimony. The 
following results were obtained: 


Sb Taken 

KlO.Uaed 

Sb Found 

Gram 

Cc 

Gram 

01000 

24 S5 

0 0994 

0.1000 

24 90 

0 0996 

00490 

12.20 

00488 
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The Determination of Antiinon7 in Alloys. 

The following method is particularly adapted 
to “hard leads,” solders, type metal, and simil^ 
alloys. The method is satisfactory because it is 
not mterfered with by copper and iron, which 
frequently occur in small quantities in these alloys 
and because it is rapid as well as accurate. 

Take 0.1 to 1-0 gram of the alloy (depending 
upon the quantity of antimony present) in the 
form of drillings or chips in a 200 cc. Erlenmeyer 
flask. Add 10 cc. of concentrated sulphuric acid, 
cover flask with an inverted porcelain crucible 
cover, and heat until the alloy is completely de- 
composed. Boil the solution gently, after the lead 
sulphate becomes white, until the sulphur dioxide 
is entirely expelled. Allow the solution to cool 
to room temperature, add 15 cc. of cold water 
and 15 cc. of 1 : 1 hydrochloric acid. Shake thor- 
oughly, cool to room temperature, and filter &e 
lead sulphate on a Gooch crucible, washing with 
small quantities of 1 : 1 hydrochlonc acid. Trans- 
fer the flltrate to a 250 cc. glass-stoppered bottle, 
add 16 cc. of hydrochloric acid, cool again if neces- 
sary, and add 6 cc. of chloroform. Then titrate 
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with the potassium iodate solution. After the 
disappearance of the iodine color from the chloro- 
form allow the solution to stand for about 10 
minutes, shake and observe whether the chloro- 
form shows any iodine color. If no color is 
present, the titration is completed. To make a 
second titration most of the liquid may be poured 
off, leaving the chloroform ready for use. In 
the case of alloys which contain very small quan- 
tities of antimony, add 6 cc. of a hydrochloric 
acid solution of iodine monochloride before titra- 
tion. Shake and allow the solution to stand 6 
minutes. Then titrate the iodine liberated by the 
reaction of the antimonious salt and the iodine 
monochloride with potassium iodate solution. 
The use of iodine monochloride does not alter the 
value of the potassium iodate solution in terms of 
antimony as calculated from the equation given 
above. The use of iodine monochloride solution 
enables one to complete these titrations quickly 
in addition to avoiding the danger of over titra- 
tion of the antimony at the beginning when only 
small quantities are present. To prepare the 
iodine monochloride solution, dissolve 10 grams of 
potassium iodide and 6.44 grams of potassium 
iodate in 76 cc. of water, add 75 ce. of hydrochloric 
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, cool, then add 6 cc. of chloroform in a glass- 
pered bottle, and adjust exactly to a very 
t iodine color by shaiing and adding dilute 
ssium iodide or iodate as the case may re- 
3, This solution diould be prepared only 
chemicals of high purity and when the solu- 
is not in use it should be kept in a dark 
3, otherwise it will require frequent readjust- 
ts by further addition of potassium iodate. 
le following results were obtained with a 
ber of alloys: 


(1 CO of KTO, = 0 00400 gram Sb) 




Per- 

Percent of 

Weight 

Cc KIO, 

cent 

Sb by Thiosul- 

Taken 

Used 

of Sb 

phate Method 

0,2000 

6 70 

13 40 

13 43 

02000 

6.70 

13 40 

— 

05000 

6 00 

12 00 

12 07 

05006 

603 

1203 

— 

1.0000 

2.70 

1.08 

1.04 

10000 

2.70 

108 

— 

10000 

240 

0.96 

096 

0.5000 

2 85 

258 

252 

10000 

2 80 

112 

1.16 


diould be observed that when more than 
. of iodate solution are required for a titra- 
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tion it is necessary to use additional hydrochloric 
acid before reaching the end point when the 
acidity of the solution should not be less than 
about 12 per cent of actual hydrochloric acid for 
the prevention of the hydrolysis of the iodine 
monochloride with the formation of free iodine. 

The time required for an analysis is about an 
hour. 

AUoys containing antimony may be decom- 
posed with hydrochloric acid and potassium 
chlorate. The larger part of the acid is neutral- 
ized with ammonium or sodium hydroxide and 
the antimony pentachloride is reduced with 
sulphur dioxide. The sulphur dioxide is com- 
pletely removed by boiling the solution. After 
the solution has cooled, slightly less than an equal 
volume of hydrochloric acid is added. The solu- 
tion cooled to room temperature may bo titratcfl 
directly or after the addition of 5 cc. of iodine 
monochloride solution as previously described. 

Arsenic is rarely present in appreciable quan- 
tities in the alloys under consideration, but it is 
to be noted that if present it would be titratwl 
with the antimony. In a case where an alloy 
contains an appreciable quantity of arsenic it is 
best to conduct the procedure exactly as directed 
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1 far as filtering off the lead sulphate and wash- 
g it with 1:1 hydrochloric acid. Then pass in 
p^^drogen sulphide to precipitate the arsenic, pass 
r through the solution for half an homr to re- 
ove the hydrogen sulphide and oxidize any iron 
at may be present, filter, wadi with 1 : 1 hydro- 
Lloric acid, and titmte the filtrate in the usual 
anner. This process was tested by the use of 
loys mixed with known quantities of pure 
etalhc arsenic with the following results: 


dloy Taken 

As 

Gram 

Taken 

0 5000 

00050 

0 9560 

00118 

0 2000 

00460 

0.2000 

0 0520 

10000 

0 0097 


Per Cent Sb 

Per Cent Sb 

Found 

m Alloy 

472 

472 

477 

472 

1200 

12 00 

1210 

12 00 

104 

1.08 
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THE DETERMINATION OF ARSENIC. 

Arsenic can be determined in the same manner 
as antimony except that not over 20 per cent of 
actual hydrochloric acid should be present at the 
end of the titration with potassium iodate solu- 
tion, otherwise the end reaction is not sharp. 
The reactions of arsenious compounds with potas- 
sium iodate may be represented by the following 
equations: 

AsaOs -f- KlOg -H' 2HC1 = AsaOc + ICl -1- 
KCl + H 2 O 

2H8AS08 -f KIOs + 2HC1 = 2 H 8 ASO 4 -h 
IQ + KQ -f HaO 

2A8a8 + KIO# + 6 H 2 O = 2HsAs 04 -f- 
IQ -H KQ + 4HQ 

Arsenic in arsenical lead can be readily deter- 
mined according to the directions given for 
antimony in solders, etc. In the case of alloys 
which contain both antimony and arsenic, the 
arsenic may be separated as sulphide as directed 
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THE DETERMINATION OF ARSENIC 

under the determination of antimony. When 
the arsenic is separated as sulphide, the precipi- 
tate is dissolved in warm ammonium hydroxide 
and boiled with 30 to 50 cc. of 3 per cent hydrogen 
peroxide for 10 minutes. The solution is acidified 
with hydrochloric acid and after reducing the 
arsenic with sulphur dioxide, the solution is boiled 
until free from sulphur dioxide because it will 
react with potassium iodate. When the solution 
has cooled to room temperature, add two-thirds 
its volume of hydrochloric acid and titrate with 
potassium iodate solution in the usual manner. 

Determination of Arsenic in Insecticides. 

For the determination of arsenious oxide in Paris 
green or other arsenite from 0.15 to 0 4 gram of 
the sample, depending upon the amount of arsenic 
present, was weighed directly mto a 250 cc. or 
300 cc. glass-stoppered bottle. Thirty cubic centi- 
meters of hydrodiloric acid, 20 cc. of water and 
6 cc. of chloroform were added. The titration was 
made by adding the potassium iodate solution, 
rapidly at first, while shaldng the bottle so as to 
give the contents a g 3 Tatory motion. When the 
iodine which is liberated during the first part of 
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the titration has largely disappeared from the 
solution, the stopper is inserted and the contents 
of the bottle are given a thorough shaking. From 
this pomt the titration is continued cautiously, 
Aaking the stoppered bottle after each addition 
of iodate solution, until the iodine color of the 
chloroform has disappeared, which marks the end 
point. It is customary to allow the titrated solu- 
tion to stand five minutes, then if after shaking 
again any color is observed in the chloroform it 
is expend with the smallest possible quantity of 
iodate solution. It is very important to shake 
the solution more thoroughly the nearer the end 
point is approached, otherwise the solution may 
be overtitrated. Furthermore, it has been found 
that the larger the volume of the solution being 
titrated, the more shaking is required to bring 
the chloroform canying the iodine in contact 
with the potassium iodate. The entire deter- 
mination, after a little practice with the iodate 
titration, can usually be completed in about fifteen 
minutes. It should be observed that the strength 
of the hydrocMoric acid in which the titration is 
made is of much importance. The acidity at the 
end of the titration should not be less than 12 
per cent of actual hydrochloric acid, so as to 
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revent the hydrolysis of the iodine monochloride, 
>n the other hand, the acidity should not exceed 
0 per cent, otherwise the reaction proceeds very 
Lowly, It is a simple matter to keep the acid 
dthm the required limits. In order to facilitate 
alculations, and also if it is desired to weigh 
irger quantities of the insecticide, a gram or 
ictor weight may be employed. In such cases 
^ would be recommended that the sample be 
issolved in 200 cc. of hydrochloric acid, and 
lade to 600 cc. volume; then to each 100 cc. 
liquot, 10 cc. of hydrochloric acid should be 
dded to maintain the proper acidity during the 
itration. Using a potassium iodate solution of 
'■hich 1 cc. = 0.00330 gram AS 2 O 8 , the results on 
. 22 were obtained. 

The results obtained by the iodate method 
gree closely with those of the modified Hedge 
rocedure. 

In order to apply the iodate titration to the 
etermination of total arsenic in any arsenical 
isecticide or fungicide the official distillation 
rocess of the Association of Official Agricultural 
ihemists (J. A. 0. A, C., 1915, 1916 and 1917) 
as employed and the distillation apparatus was 
(ranged as follows: 
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TEE DETERMINATION OF ARSENIC 

An 8 oz. distilling bulb, provided with a long- 
stem 50 cc. dropping funnel, was connected to a 
24-inch Liebig condenser. The outlet of the con- 
denser was connected to a 600 cc. Erlenm^er 
flnak with a bent glass tube which extended 
through a 3-hole rubber stopper for about 4 
inches. The middle hole carried a safety tube 18 
inches long which extended within half an inch 
of the bottom of the flask. The third hole car- 
ried a bent tube which extended through a 2-hole 
stopper to within half an inch of the bottoin of 
the second 600 cc. flask. Another bent tube just 
passing through the second hole of this stopper 
was arranged so that it dipped into the 50 cc. (» 
water placed in a 250 cc. Erlenmeyer flask which 
served as a trap. During the distillation the firat 
two Erlenmeyer fladis were surrounded by 
cracked ice in a pan. The distillation flask rested 
in a circular hole cut through a heavy sheet of 
asbestos board. A wire gauze was placed under 
the asbestos board. Before startmg the distil- 
lation 60 cc. of water was placed in the first re- 
ceiver, 100 cc. in the second receiver, and 50 cc. 
in the third. The sample taken for analysis was 
weighed directly into the dried distillmg bulb 
and 5 grams of cuprous chloride was added. This 
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was followed by 100 cc. of hydrochloric acid, 
which washed any material sticking to the neck 
into the bulb. Care must be taken that none of 
the sample of cuprous chloride enters the outlet 
tube of the distilling bulb. When the volume 
m the distillation bulb is reduced to about 40 cc., 
50 cc. more of the acid is added through the drop- 
pmg funnel and the distillation is continued until 
the volume is again reduced to about 40 cc. Then 
25 cc. more of the acid is added. The distillation 
is finished when the contents of the distillation 
flask are reduced to not more than 20 cc. This 
procedure insured the distillation of all the 
arsenic. After the distillation was completed, the 
condenser and connecting tubes were thoroughly 
rinsed into the receivers. The contents of the 
first two flasks were transferred to a 500 cc. gradu- 
ated flask. These flasks were rinsed several times, 
using the entire contents of the third flask, which 
served as a trap. Then each flask was rinsed 
again with a small quantity of water. AU of the 
rinsings were added to the graduated flask. Be- 
fore diluting to the mark, the solution in the 
500 cc. flask was warmed to room temperature. 
After diluting and thorough mixing of the solu- 
tion, an aliquot of 100 cc. was removed and placed 
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THE DETERMINATION OF ARSENIC 

in the titration bottle along with 6 cc. of chloro- 
form and titrated with the potassium iodate solu- 
tion as descnbed above. If more than 25 or 
26 cc. of the iodate solution were required, 10 to 
16 cc. hydrochloric acid were added before finish- 
Jig the titration in order to mamtam the proper 
icidity. For comparison, aliquot portions were 
itrated with standard io^e solution after neu- 
rahzation of the hydrochloric acid. It was found 
^referable to neutralize the larger part of the acid 
vith 25 per cent sodium hydroxide instead of 
leutrahzing all of the acid with sodium bicar- 
jonate as recommended. This is liable to cause 
lome loss of arsenic on account of the violent 
ivolution of carbon dioxide. 

On account of the physical property of the 
lowdered insecticides which causes them to ad- 
lere to glass, making their transference difficult, 
t was found preferable to weigh portions of the 
amples by difference from specimen tubes rather 
hau attempt to weigh, for exaflaple, an exact 
1.5 gram. The results of the test analyses by the 
odate method given above show excellent agree- 
oent with those obtained by the official A. 0. A. C. 
nethod. This iodate method is not only more 
apid, but is simpler than the iodine titration. 
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The very definite and remarkably sharp end 
point, the great stabihty of the potassium iodate 
solution together with the ease with which it can 
be prepared, aU recommend its use for the accu- 
rate determination of arsenious oxide or total 
arsenic in insecticides, fungicides and other 
substances. 

Using a potassium iodate solution of which 
1 oc. = 0.003000 gram AsaOg, the following results 
were obtained: 

Total Axsemc aa 
Cc.ofKIO. As.0. 

Used for Iodate lodme 



Gram 

100 Co 

Method 

Method 

Insecticide 

Taken 

Aliquot Per Cent Per Cent 

Paris Green 12542 . 

04782 

18 20 

57 06 

5715 

tc u 

0 6266 

23 65 

56 62 

56 64 

It It tl 

0 5745 

21 66 

56 56 

66 57 

It (C 

0 5888 

23 33 

56 88 

66 92 

It 11 

0 6042 

22 85 

66 86 

66 SO 

Bordeaux Pans 

Green 

0 6865 

12 55 

32 09 

32 06 

Bordeaux Pans 

Green 

0 6520 

13 95 

32.09 

— 

Lead Arsenite — A j- 

senate 

0 4052 

7 20 

26 65 

— 

Lead Arsenite — Ar- 

senate . . . 

0.4945 

8 80 

26 70 

26 71 

Zinc Arsenite , . . . 

0 5486 

16 40 

4210 

42 21 

Bordeaux Zinc Ar- 

semte 

0 6106 

14.00 

3439 

3437 

Bordeaux Zmc Ar- 

semte 

0.6193 

26 

14.18 

34.34 

34.38 



THE DETERMINATION OF COPPER. 

The method is based upon the titration of 
jrous thiocyanate with potassium iodate in the 
jsence of strong hydrochloric acid and a ohloro- 
m indicator. The reactions taking place may 
represented by the following equations: 

uSCN + 2KI08 + 4HC1 = 2CUSO4 + 3KC1 + 
2HCn + ICl + I2 + HaO ’ 
a + KlOa + 6HC1 = KCl + 5IC1 + 3HaO or 
4CnSCN + TKIOg + 14HC1 = 4CuS04 + 
7m + 4HCN + 7IC1 + SHaO 

In order to test the method a solution was pre- 
red which contained 10.706 grams of potassium 
late m 1000 cc. and 1 ec. = 0.001817 gram of 
L. Measured volumes of a copper sulphate solu- 
n of known strength were precipitated with 
[phurous acid and ammonium thiocyanate, 
.ered sometimes on asbestos, sometimes on 
per, washed with water, and the fidters contam- 
; the precipitates were transferred to 250 cc. 
27 
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glass-stoppered bottles. A mixture of 30 cc. of 
hydrochloric acid and 20 of water along with 
6 cc. of chloroform were added and the precipi- 
tates were titrated with the foUowmg results: 


Copper Taken 

KIO. Used 

Copper Found 

Gram 

Cc. 

Gram 

0 0486 

26 7 

0 0485 

0.0486 

268 

0 0486 

00388 

213 

0 0387 

0 0486 

267 

00485 

00486 

269 

0 0488 


In applying the method to ores, lead and anti- 
mony, if not removed, will produce high results, 
but both of these metals are removed (to such an 
extent at least that they do not interfere in the 
shghtest degree) by the evaporation with sul- 
phuric acid in the process to be described Silver 
also must be removed. 


The Determination of Copper m Ores. 

To 0 5 gram of the ore in a 6-ounce flask, add 6 
to 10 cc. of strong nitric acid, and boil gently, 
best over a free flame, keeping the flask in con- 
stant motion and inclined at an angle of about 
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THE DETERMINATION OF COFFER 

IS®, until the larger part of the acid has been 
•emoved. If this does not completely decompose 
,he ore, add 5 cc. of hydrochloric acid and con- 
tinue the boihng until the volume of liquid is 
ibout 2 cc. Cool somewhat, add graduaUy and 
jarefully 6 cc. of concentrated sulphuric acid, 
md continue the boiling until sulphuric acid 
urnes are evolved copiously. Allow to cool, add 
25 cc. of water, heat to boilmg, and keep hot 
mtil the soluble sulphates have dissolved. Filter 
nto a perfectly cleaned beaker, and wash the fladi 
md filter thoroughly with cold water. With ores 
jontaining appreciable quantities of silver, a few 
irops of hydrochloric acid should be added before 
the filtration, but not enough to dissolve any 
jonsiderable amounts of the lead sulphate or 
mtimomc oxide that may be present. Nearly 
aeutrahze the filtrate with ammonia and add 10 
to 15 cc. of a strong solution of sulphurous acid. 
Eeat almost to boiling and add 5 to 10 cc. of a 
10 per cent solution of ammonium thiocyanate, 
according to the amount of copper present. Stir 
thoroughly, allow the precipitate to settle 10 to 
15 minutes, filter on paper, and wash with hot 
water until the ammonium thiocyanate is re- 
moved. Place the filter with its contents in the 

29 
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titration bottle and by means of a piece of moist 
filter paper transfer mto the bottle also any pre- 
cipitate adhering to the stirring rod and beaJcer. 
Add 30 cc, of hydrochloric acid, 20 cc. of water, 
and 5 or 6 cc. of chloroform. 

During the first part of the titration, add the 
potassium iodate solution rapidly while rotatiug 
the bottle m order to keep the contents mixed. 
When the iodine which is hberated during the 
first stage of the reaction has disappeared from 
the solution, insert the stopper and shake thor- 
oughly. From this point contmue the titration 
slowly, taking the closed bottle thoroughly after 
each addition of potassium iodate until the iodine 
color has disappeared from the chloroform indi- 
cator, which marks the end point. 

In order to make another titration, it is not 
necessary to wash the bottle or throw away the 
chloroform. Pour off two-thirds or three-fourths 
of the liquid in order to remove most of the 
pulped paper, too much of which interferes with 
the settling of the chloroform globules after agita- 
tion; add enough properly diluted acid to make 
about 50 cc. and proceed as before. In this case, 
where iodine monoohloride is present at the out- 
set, the chloroform becomes strongly colored with 
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dine as soon as the cuprous thiocyanate is added, 
it this makes no difference with the results of 
e titration. 

In the following experiments weighed quanti- 
se of pure copper were put throu^ the above 
turse of analysis in the presence of antimony, 
id in some cases lead also: 


(1 CO KIOj sol = 0003610 gram Cu) 


Copper 

Taken 

Antimony 

Lead 

KIO. 

Used 

Copper 

Foimd 

Gram 

Gram 

Gram 

Cc 

Gram 

01136 

006 

— 

3135 

01131 

0 0691 

0 06 

— 

1906 

0.0688 

00733 

0 06 

Present 

2030 

0 0733 

00673 

006 

ft 

1875 

0 0677 

00650 

006 

— 

18.08 

0.0651 

0 0486 

0 03 

— 

13.60 

0 0487 

00486 

0 03 

— 

1348 

00486 


Several ores, sulphides, some of which con- 
lined lead or antimony, were analyzed by this 
lethod in order to compare the results with other 
lethods. 

So far as ease and rapidity are concerned, an 
aalysis of a copper ore has been made in one 
our including weighing and calculation, by the 
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iodate method. It is recommended that for con- 
venience some multiple of 6 892 grams of potas- 
sium iodate per hter be employed which gives 
exact milhgrams of copper per cubic centimeter, 
according to the multiple taken. For example, 
with 11.784 grams of KIOs per liter, 1 cc. = 
0.002000 gram of copper. 


1 (ce KIO, sol = 0 001817 gram Cu) 



Ore 

KIO3 

Copper 

Copper by Other 


Taken 

Used 

Found 

Methods 

No. 

Gram 

Cc 

Per Cent 

Per Cent 

1 

0 5000 

32 20 

1170 

1171 Electrolytic 

2 

0 6000 

39 80 

1446 

14 60 

3 

0 2000 

22 90 

2080 

2070 Iodide 

4 

02000 

21 08 

19 16 

19 02 Electrolytic 

4 

0 2000 

21 10 

19 16 

— 

5 

02000 

20 80 

1889 

18 80 Iodide 


Detennination of Copper in Alloys. 

For the analysis of alloys such as brass and 
bronze which contain a high percentage of 
copper, it is recommended that a solution con- 
taining 23.568 grams of potassium iodate m 
1000 cc., 1 cc. = 0.004000 gram of Cu, be used. 
When desired the tm and lead may be separated 
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THE DETERMINATION OF COPPER 

and determined in the customary manner, other- 
wise the analysis is conducted as described above 
for the determination of copper in ores. In cases 
where the zinc is to be precipitated after the re- 
moval of copper, as zinc mercuric thiocyanate, the 
sulphunc acid should not be neutralized as 
directed with ammonia, but with 20 per cent 
sodium hydroxide, m order to avoid an excessive 
quantity of ammonium salts which interfere 
with the quantitative precipitation of the zinc. 

Determination of Copper in Insecticides. 

From 0.2 to 0.5 gram of msecticide, depending 
upon the amount of copper present, was weighed 
mto a No 2 beaker. The powder was thoroughly 
moistened with 10 cc. of water. About 5 cc. of 
sulphuric acid (13) was added and the solution 
was warmed to facilitate the decomposition. It 
was observed in some cases that a small quantity 
of dfficultly soluble material remained even after 
heating. No attention need be paid to this, as it 
caused no interference with the accuracy of the 
method. When the sample was completely de- 
composed, the larger part of the free sulphuric 
acid was neutralized with 1:1 ammonium 
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hydroxide. The solution which should now have 
a volume of 30 to 40 cc. was heated almost to 
boiling and treated with 10 cc. of strong sulphur 
dioxide water. Then 5 to 10 cc. of a 10 per cent 
solution of ammonium thiocyanate was added 
and the solution was stirred for 2 minutes. The 
precipitate was allowed to settle for 15 minutes or 
longer before filtration. The cuprous thiocyanate 
was filtered on a close filter paper and washed 
with warm water until the soluble thiocyanate 
was removed. Excessive washmg should be 
avoided. Sometimes the cuprous thiocyanate will 
run through the filter. In such cases continue 
the filtration imtil the filter has become clogged 
and the filtrate is running clear, then refilter. 
The filter containing the precipitate was trans- 
ferred to the titration bottle and the titration was 
made as previously described. The results on p. 
36 were obtained using a solution which con- 
tained 11.784 grains of potassium iodate in 
1000 cc.; 1 cc. = 0.00200 gram of copper. 

When more than 46 cc. of potassium iodate 
solution was required, 5 or 10 cc. more of hydro- 
chloric acid diould be added before continuing 
the titration in order to prevent any hydrolysis 
of the iodine monochloride. 
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Insecticide 
aris Green , . . 

a <t 

it ic 

•ordeaux Pans 

Green 

•ordeaux Zinc 
Arsemte .... 


Cc 


Gram 

KIO, 

Taken 

Used 

01866 

22 70 

0.2667 

32 55 

0 2038 

24^20 

0 5121 

48.18 

0.4574 

21 20 


Per Cent 
Per of Copper 
Cent of by Iodide 
Copper Method 


2433 

24.34 

2441 

2445 

23 75 

2379 

18.81 

18.80 

9 27 

9 29 


These and many other test analyses show that 
tie iodate method gives very satisfactory results 
nd that it is to be recommended for the deter- 
lination of copper in insecticides. 
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THE DETERMINATION OF HYDRAZINE. 

In order to test tlie method, weighed portiont 
of pure hydrazine sulphate were placed in the 
titration bottles. To each was added a mixture 
of 30 cc. of hydrochloric acid, 20 cc. of watei 
and 6 cc. of chloroform. Then the potassium 
iodate solution was run in gradually, with shaMng 
between the additions, until the chloroform, aftej 
increasing and then diminishing in color, was just 
decolorized. A solution was used which contained 
3 567 grams of potassium iodate in 1000 cc. Ac- 
cording to the equation N2H4.H2SO4 + KIOs -f 
2HC1 = Ns + ICl + KCl + H2SO4 + 3H20, 1 cc, 
= 0.000534 gram N2H4, or 0.002169 gram N2H4. 
H2SO4. 

The following results were obtained: 



n.h,h,so. 

KIO, 

N.H.W 



Gram 

Used 

Gram 

Error 

No. 

Taten 

Cc 

Found 

Gram 

1 

0 0487 

22.60 

0 0488 

-f 0 0001 

2 

0 0434 

19 90 

0 0432 

— 00002 

3 

0 0589 

27 30 

00592 

+ 00003 

4 

0 0472 

21 90 

0 0476 

+ 00003 

5 

0 0986 

45 65 

00990 

+ 00004 

6 

01060 

49 00 

0.1063 

+ OOOOC 
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method was tested further by titrating the 
ng spanngly soluble double-^ts: 


batance 

'T.H.l.-H.SO. 


Gram 

EIO, 

Used 

Cc 

01163 

43.20 

0 0880 

32 60 

0 1591 

51 25 

01396 

45 10 

0 0692 

26 30 

0.0890 

33 80 

0 1308 

49 20 

01059 

3970 



Calcu- 

N.H, 

lated 

Per 

Per 

Cent 

Cent 

19.83 

19 81 

19 77 

tt 

17.21 

17 29 

1726 

tt 

2029 

20 23 

20.28 

tt 

20 09 

20 20 

2002 

tt 


above titrations were conducted in the 
nanner as m the case of the simple hydra- 
ilphate. It was observed that the nickel 
■acted very slowly, apparently on account 
icult solubility, while the other compounds 
-itrated about as readily as the hydrazine 
te alone, 

^as found that phenyl hydrazine could not 
isfactorily titrated with potassium iodate, 
■ because the color due to the presence of 
decomposition products was dissolved by 
loroform indicator and this interfered with 
37 
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the observation of the end point. In recent years 
it has been found possible in a number of in- 
stances to extract the troublesome color with a 
solvent such as chloroform, leaving the substance 
to be titrated in the aqueous solution. After 
separating the colored chloroform, the titration 
is made in the usual manner. Although no ex- 
periments have been made with phenyl hydrazine 
it is probable that the color can be similarly re- 
moved so that it can be titrated. 
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DETERMINATION OF PEROXIDE IN 
LITHARGE. 

'he method which was devised by L. S. Dean 
ased on adding an excess of potassium iodide 
he form of a standard solution to a weighed 
tion of litharge and after the addition of 
rochloric acid, the potassium iodide not de- 
iposed by the lead peroxide is titrated in the 
al manner with potassium iodate solution, 
ig chloroform on carbon tetrachloride as an 
cator. The potassium iodide solution is 
idardized by titration with potassium iodate 
ition in the presence of strong hydrochloric 
1 . The equations of the reactions are as 
jws: 

PbOa + 2KI + 8HC1 = 2PbCl2 + 2KC1 + 
2IC1 + 4 H 2 O 

KL + KlOa + 6HC1 = 3KC1 + 3101 + ZH^O 

omparison of the results obtainable by the 
39 
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iodate method and those with the well-known 
Bunsen method are as follows: 

Iodate Method ( % of Pb02) 

31.95 32.00 6.10 5.14 10.50 

Bunsen Method ( % of Pb02) 

32.09 32.06 5.22 5.20 10.56 

These results show that the iodate method is ac- 
curate. It should be observed that any organic 
matter which may be present does not interfere 
with the iodate titration. It is very important 
to use sufficient hydrochloric acid so that at least 
12 per cent of the actual acid will be present at 
the end of the titration, m order to prevent the 
hydrolysis of the iodme monochlonde. This 
method can be employed for the analysis of other 
similar peroxides, dichromates, permanganates, 
etc. Some of the equations of liiese reactions are 
as follows: 

310 H- K2Cr207 -f 14HC1 = 5KC1 + 2Cra8 -f- 
3IC1 + 7 H 2 O 

610 + 2KMn04 + 16HC1 = 7KC1 -f 5IC1 -h 
2]VInCl2 8BE20 

K1 + MnOa + 4HC1 = KCl -h ICl -j- MnCl2 + 
2H2O 
40 



THE DETERMINATION OF CHROMATES, ETC. 


3K1 + 2008 + 12HC1 = 3KC1 + 2CrCl8 + 
3IC1 + 6 H 2 O 

K1 + BaOa + 4HC1 = KCl + ICl + BaOla + 
2H80 

This method was successfully applied by L. W. 
udrews (J. Am. Chem. Soc., 26 , 766) to the de- 
rmination of chlorates and chromates. 
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THE DETERMINATION OF MERCURY. 


This method is based upon the precipitation 
of mercury from mercuric compounds m neutral 
or acid solutions with a reagent which contains 
39 grams of ammonium thiocyanate and 29 grams 
of zmc sulphate per liter of solution. The pre- 
cipitate of mercunc zinc thiocyanate after filtra- 
tion IS titrated with potassium iodate solution 
in the presence of strong hydrochloric acid. The 
reaction which takes place during the titration 
is accordmg to the following equation: 

HgZn(SCN )4 + eKIOg + 12HC1 = HgS 04 + 
ZnS04 -f 2 H 2 SO 4 -f 6IC1 -f 4HCN +' 
6m-f2H20 

In order to get a quantitative precipitation of the 
mercuric zmc thiocyanate there should not be 
more than 5 per cent of free acid present in the 
solution before the addition of the precipitating 
reagent. Also it should be observed that m cases 
where larger quantities of acid are required for 
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THE DETERMINATION OF MERCURY 


the solution of a substance the excess of acid 
should be neutralized with sodium hydroxide in- 
stead of ammonia because an excessive quantity 
of ammonium salts exerts a solvent action upon 
the precipitate of the double thiocyanate. In 
applying this method to the determination of 
mercury, it should be observed that cadmium, 
cobalt, copper, bismuth, manganese and mer- 
curous compounds give insoluble double thio- 
cyanates. Nickel in small quantities does not 
interfere appreciably with the method. 

In order to test tins method measured quanti- 
ties of a standard mercunc chloride solution were 
taken m perfectly clean small beakers. !Each 
solution was treated with 26 cc. of the reagent 
descnbed above and the solution was diluted so 
that the final volume would be about 75 cc. The 
solutions were vibrated by strikmg the sides of 
the beakers with a stirring rod to facilitate the 
separation of the crystals. After the solutions 
have stood for about five minutes, they were 
briskly stirred with a glass rod, previously mois- 
tened with water, for about a minute. This treat- 
ment permitted the rod to be easily rinsed free 
from the precipitate so that it could be removed 
from the beaker. The solutions were allowed to 
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stand an hour or longer before filtration. The 
precipitates were collected on 7 cm. filter papers, 
placed in small Hirsch porcelain funnels using 
gentle suction and were washed four or five times 
with a solution which contained 5 cc. of the 
thiocyanate reagent and 450 cc of water on ac- 
count of the solubility of mercunc zinc thio- 
cyanate in pure water. When the filters had 
drained, the suction was stopped The filter 
papers containing the precipitates were carefully 
removed from the funnels and were folded so that 
they could be placed in 8 oz. glass-stoppered 
titration bottles. A cooled mixture of 35 cc. of 
hydrochloric acid and 10 cc. of water, along with 
6 or 7 cc. of chloroform, was added to one of the 
titration bottles containing mercunc zinc thio- 
cyanate, because it is best to titrate immediately 
after the addition of acid to the precipitate. Dur- 
ing the first part of the titration the potassium 
iodate solution is added rapidly while rotatmg 
the bottle in order to keep the contents mixed. 
When the iodine which is hberated during the 
first stage of the reaction has disappeared from 
the solution, the stopper is mserted and the con- 
tents of the bottle are thoroughly mixed by shak- 
ing for about half a minute. From this point the 
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THE DETERMINATION OF MERCURY 

tration is continued slowly, aha-kin g the closed 
jttle thoroughly after each addition of potas- 
um iodate solution, until the iodine color has 
Lsappeared from the chloroform which marks 
le end point. If more than 50 cc. of the potas- 
um iodate solution are required, 10 to 15 cc. 
lore of concentrated hydrochloric acid are added 
efore proceedmg with the titration. The follow- 
ig results were obtained using a solution which 
Dntained 39 2882 grams of KlOg in 1000 cc., 1 cc. 
eing equivalent to 0 006133 gram of mercury, 
‘or general use, a solution containmg 19.2191 
rams of KIO3 in 1000 cc , 1 cc. of which is equiva- 
int to 0.00300 gram of mercury, is recommended. 


No 

Hg Taken 
Gram 

KlO.Used 

Cc. 

Hg Calculated 
Gram 

1 

01006 

16 40 

01006 

2 

0 0805 

13 15 

0 0800 

3 

0 0503 

8 25 

0 0506 

4 

00805 

13 15 

00806 

5 

0 0905 

1470 

0 0902 

6 

0 0201 

3 30 

0 0202 

7 

0 0825 

13 45 

0 0825 

8 

0 0945 

15 40 

0 0945 


These analyses show that the method gives 
ery satisfactory results providing that the direc- 
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tions given above are closely followed. This 
method was further tested by employing it for 
the determination of mercury in a sample of 
yellow mercuric oxide which had been analyzed 
by the sulphide method Weighed portions of the 
oxide were dissolved m 2 cc. of 1 : 1 nitric acid and 
the resulting solutions were diluted with 35 to 40 
cc. of water and precipitated in the manner 
descnbed above. The following results were ob- 
tained using a potassium lodate solution, 1 cc. 
equivalent to 0.00300 gram of mercury: 



HgO Taken 

Cc. KIO. 

Eg Found 

Hgby 

Sulphide 

Method 

No 

Gram 

Required 

Per Cent 

Per Cent 

1 

0.1828 

564 

92 56 

92 66 

2 

0 2216 

68^ 

92 57 

9263 


In applying ilie method to the analysis of anti- 
septic tablets, a sample was prepared by grinding 
a dozen tablets to a fine powder. The portions 
taken for analysis were dissolved in 36 to 40 cc. 
of water and three drops of hydrochloric acid were 
added before the mercury was precipitated. In 
the case of the mercuric cyanide tablets which 
contained borax, it was necessary to add 1 cc. of 
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hydrochloric acid. The following results were 
obtained: 

HgCljby 





HgCl. 

Sulplnde 



KIO. 

Found 

Method 


Sample 

Used 

Per 

Per 

Preparation 

Grams 

Cc. 

Cent 

Cent 

HgCl,, NH,a j 

i 

[0 2358 
103623 

27 85 
4280 

47 96 
47 97 

47.97 

4800 

Green HgCl,, NH.C1 J 

( 

[0 3428 
103313 

39^5 

27.95 

46 49 
46 61 

46 50 
46.44 

Blue HgCI,, citnc ] 

[0 2024 

39 25 

63 49 

63 64 

acid 1 

[0 2561 

3995 

63 59 

63 51 




Hg(CN) 

a 

Pink Hg(CN)„ borax ’ 

1 

1 02137 
[0 3054 

2015 
28 85 

35 62 
35 69 

35.67 
35 76 


1 cc. of KIO, = 0 00300 gram of Hg, 0 004060 gram of 
HgCH,, or 0 003778 gram of Hg(CN), 


In the case of the green tablets, some of the 
dye was precipitated with the mercuric zinc 
thiocyanate and consequently a light green color 
was imparted to the chloroform indicator. How- 
ever, by watching the color change in the chloro- 
form, the end point of the titration was easily 
seen. 

In order to dissolve basic mercuric salicylate 
it was found necessary to heat the portions taken 
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for analysis with 2 or 3 cc. of 1:1 nitric acid in 
covered beakers. When all was in solution, 40 cc. 
of water were added and the mercury was precipi- 
tated as soon as the solutions had cooled to room 
temperature. 



Sample 

EIO. 

Used 

HgjFound 

Hgby 

Sulphide 

Method 

No 

Gram 

Cc 

Per Cent 

Per Cent 

1 

0^2040 

3830 

56 32 

56.31 

2 

0.2006 

37.60 

56 23 

56 30 

3 

01876 

36.15 

5621 

— 


Ammoniated mercuric diloride (HgCil.NHa) 
was best dissolved by treating the portions taken 
for analysis with 5 cc. of hydrochloric acid. The 
mixture was allowed to stand for about half an 
hour with frequent shaking; then it was diluted 
with 5 cc. of water and heated just long enough to 
dissolve all of the substance. Immediately, 40 cc. 
of cold water was added, and when the solution 
was at room temperature, the mercury was pre- 
cipitated as previously described. 

The analyses given in the tables show that the 
iodate me^od gives very satisfactory results 
when applied to the examination of antiseptic 
preparations. It should be observed that in order 
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get satisfactory results, it is essential that ttie 
rections given diould be followed in every 
irticular. 

The following results were obtained : 


Sample 

KIO. 

Used 

Hg Found 

Hgby 

Sulphide 

Method 

) Gram 

Cc. 

Per Cent 

Per Cent 

01709 

46 5 

79 87 

79 86 

01896 

506 

79 91 

7986 

01757 

467 

79 79 

— 

In some cases 

it has 

been found 

that this 


5thod for the determination of mercury was the 
ly procedure which could be employed. For 
ample, Mr. J. L. Wiemer in his investigation 
the “Reduction m the Strength of the Mer- 
nc Chloride Solution Used for Disinfectmg 
^eet Potatoes” (J. Agric. Res,, SI, 575-587 
921)), found that this lodate method could be 
iployed satisfactorily because the colored sub- 
inces extracted from the sweet potatoes by the 
ircunc chloride solution did not interfere with 
3 subsequent precipitation and titration of the 
jrcury left m the solutions. 
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ANALYSIS OF ORGANIC MERCURY 
COMPOUNDS. 

Many of these compounds can be suflGlciently 
decomposed by treatment with concentrated 
nitric acid or aqua regia so that after the neutral- 
ization of the larger part of the free acid, the 
mercury can be precipitated and determin^ as 
already described by M. C. Hart and A. D 
Hirschfelder in their investigation of mercury 
compounds of phenyl carbinols (J. Am. Chem. 
Soc., 4 ^, 2678-2686 (1920). They employed this 
method for the determmation of mercury with 
satisfactory results, but instead of titrating the 
mercuric zinc thiocyanate with potassium lodate 
it was filtered on a Gooch crucible, washed with 
the solution (5 cc. of precipitation reagent and 
450 cc. of water) and dried to constant weight 
at 105° as recommended by the author in 1919. 

0.2500 gram of CTHgOsHga 3 5 H 2 O gave 0 4138 
gram HgZn(SCN )4 = 66.63 per cent Hg, 
calc. 66.62 per cent. 
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0 2500 gram of Ci 8 Hi 407 Hg 2 . HgO gave 0.3556 
gram HgZn(SCN )4 = 57.26 per cent Hg, 
calc. 57.21 per cent. 

0.2500 gram CgHflOaNHg gave 0,2916 gram 
HgZn(SCN )4 = 46.95 per cent Hg, calc, 
46.91 per cent. 

0.2500 gram of C 7 H 705 NHg gave 0.3260 gram 
HgZn(SCn )4 = 52.33 per cent Hg, calc. 
52.02 per cent. 

he Titration of Mercurous Chloride by Potassium 
lodate. 

It has been found that mercurous chloride 
jacts with potassium iodate according to the 
leoretical requirements of the equation: 

4HgCl + KIOs + 6HC1 = 4HgCl2 + KCl + 
ICl + 3 H 2 O 

Portions of pure mercurous chloride which has 
Jen dried at 130 to 135° C. for several hours 
ere weighed by difference from a specimen tube 
rectly into the glass-stoppered titration bottles, 
he titrations were made with the potassium 
date solution after the addition of 20 cc. of 
ater, 30 cc. of hydrochloric acid, and 6 cc. of 
iloroform. The dried mercurous chloride reacts 
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more slowly than the precipitated compound 
which was titrated without drymg in some eiqien- 
ments to be descnbed beyond, so that in this case 
very thorough shahmg is required throughout the 
titration. In some instances, it was found neces- 
sary to crush the residual lumps with a glass rod. 
The following results were obtained* (1 cc. of the 
potassium iodate solution = 0.01672 gram of 
HgCl): 



HgCl 

Taken 

KIO. 

Used 

HgCl 

Found 

Error 

No 

Gram 

Cc 

Gram 

Gram 

1 

0 4999 

31 80 

0 4999 

0 0000 

2 

0 5000 

3180 

0 4999 

— 0 0001 

3 

0 5006 

3180 

0 4999 

— 0 0006 

4 

06001 

3816 

0 5997 

— 0 0004 

5 

04999 

3180 

0 4999 

00000 


Since many kinds of organic matter do not in- 
terfere with this method of titration, it is ap- 
plicable to various mixtures containmg calomel. 
It was applied to calomel tablets containmg milk 
sugar after pulverizmg some of them to obtain a 
uniform mixture. Determinations of the mer- 
curous chloride were also made by treatmg 
weighed portions of the pulverized tablets with 
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tter slightly acidified with hydrochloric acid 
d weighing the washed and dried insoluble 
ddue. 

The following results were obtaiaed: 


Substance 

Taken 

KIO, Used 

HgCl Found 

Gram 

Cc. 

Per Cent 

0.4811 

16 50 

, 53 91 

0 6783 

2325 

53.89 

01976 

Gravunetno 

53 94 

0 5694 

It 

54.00 


The meriiod was applied also to the determinar 
n of mercury in a mercuric compound by con- 
-ting the latter into mercurous chloride which 
er filtration was titrated as described above, 
r this purpose weighed portions of mercuric 
londe were dissolved in warm water with the 
dition of a few drops of hydrochloric acid; an 
jess of phosphorous acid solution was then 
ied and after thorou^ stirring the precipitate 
8 allowed to settle for about 12 hours. It was 
m collected on a filter paper and thoroughly 
shed with cold water. The precipitate with 
j filter was put into the titration bottle, and 
y precipitate adhering to the beaker and stir- 
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ring rod was collected by wiping widi a piece of 
fOiter paper and placed m the bottle. After the 
addition of 20 cc. of water, 30 cc. of hydrochloric 
acid, and 6 cc. of chloroform, the precipitates 
were titrated with a potassium iodate solution, 
1 cc. = 0.013354 gram of Hg. 



HgCI, 

KIO, 

Hg 

Hg 



Taken 

Used 

Found 

Present 


No. 

Gram 

Cc. 

Gram 

Gram 

Error 

1 

0.3934 

217 

02898 

0^2904 

— 00006 

2 

0.3107 

17.2 

0 2297 

0.2294 

+ 00003 

3 

0 4903 

271 

03619 

03619 

00000 

4 

03315 

183 

0 2444 

02447 

— 00003 

6 

0 3407 

188 

0 2511 

0.2515 

— 00004 


These results show that the method gives sat- 
isfactory results when applied to the analyses of 
mercuric chloride. 
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THE determination OE MOLYBDENUM. 

This iodate method is based on the reduction 
tf the molybdenum in a hydrochloric acid solu- 
lon by means of the Jones reduetor. The re- 
luced solution is received directly from the 
eductor into a hydrochloric acid solution of 
odme monochloride and titrated in the usual 
nanner. The reaction which takes place may 
)e represented by the following equation: 

KIOs H- MoaOs + 2Ha = M 02 O 5 + KCl + 
ICl + H 2 O 

Jnhke the well-known permanganate titration, 
he iodate oxidized the molybdenum readily to 
doaOo and further oxidation proceeded so slowly 
2 to 3 days) that it was not practical to wait 
or it. It was found that a sharp end point was 
ibtained when the pentoxide was completely 
ormed. In order to test the method, a solution 
ontaining 3.667 grams of potassium iodate in 
000 cc. was prepared and, accordmg to the above 
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equation, 1 cc. = 0.003200 gram of Mo. For con- 
venience a solution of ammonium molybdate 
waa used. The solution was standardized by 
precipitating the molybdenum from measured 
volumes and weighing it as lead molybdate. It 
was found best to precipitate the molybdenum 
from a solution made slightly acid with mtnc 
acid, with a solution of lead nitrate. After the 
solution was thoroughly stirred and the precipi- 
tate had settled for a few minutes, 6 cc. of a 
strong solution of ammonium acetate was added 
m order to be certam of obtaining a complete pre- 
cipitation. This procedure gave a coarse, crystal- 
line precipitate instead of a finely divided slimy 
one as is obtained when molybdenum is precipi- 
tated (as usually recommended) by lead acetate, 
in the presence of large quantities of acetates. 
Two analyses were made with the following re- 
sults: 25.2 cc. of the solution gave 0.0989 gram 
of PbMo 04 , and 26 cc. gave 0 0973 gram, giving 
the value of 1 cc. respectively, 0.001022 and 
0.001018 gram of Mo The average value 
0,001020 was used. 

The apparatus used for the reduction of the 
molybdenum consisted of a redactor (20 X 
1.8 cm.) filled to within 3 cm. of the top with 
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30-inesh amalgamated zmc, which rested on a mat 
of glass wool about 2 cm. thick, which in turn 
was supported by a perforated platinum disk. 
The outlet of the reductor extended to within 
1 cm. of the bottom of the titration bottle. The 
-eductor was provided with a stopcock in order 
to be able to control the rate of reduction. A 
jomewhat larger reduction tube should be used, 
IS it was found that this one would not reduce 
Jie molybdenum completely unless the solution 
vas passed through very slowly. Previous to 
nakmg a reduction, 5 cc. of iodine monochloride 
lolution, 25 cc. of hydrochloric acid, sp. gr. 1.18, 
) cc. of water, and 7 cc. of chloroform were placed 
n one of the 600 cc. titration bottles. The bottle 
s^as placed in a deep pan of cold water m order 
o cool the reduced solution rapidly. The re- 
luctor was set up in another bottle, heated with 
ome dilute hydrochloric acid and about 100 cc. 
f hot water. When the water had run out, the 
eductor was transferred at once to the bottle in 
he cold water. A measured quantity of am- 
lonium molybdate solution, acidified with 20 cc. 
f 1:1 hydrochloric acid, was heated to about 
0® C., and passed very slowly through the re- 
uctor, using gentle suction, directly into the 
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solution in the bottle. The bottle was frequently 
rotated gently so as to keep the solution thor- 
oughly cooled and avoid any loss of iodme which 
separates as the reaction proceeds. After adding 
aU of the solution the flank was rinsed with 1:2 
hydrochloric acid several times and the washings 
were added to the reductor, which was further 
washed with about 50 cc. more of the acid. The 
exposure of the zinc durmg the reduction caused 
no error in the titration as would be the case with 
a permanganate titration because any hydrc^en 
peroxide formed would not react either with 
iodine monochlonde or potassium iodate, as has 
been found by direct experiments with hydrogen 
peroxide solution. When the wadimgs had run 
through, the reductor was removed and the solu- 
tion was titrated rapidly at first, then slowly, with 
thorough shaking with the glass stopper mserted 
after each addition of potassium iodate solution, 
until the chloroform indicator was decolorized, 
which marked the end point of the titration. If 
the solution became warm at all during the titra- 
tion, it was important to cool it under running 
water. The bottle was placed m cold water for 
6 minutes after the titration. If no more color 
appeared in the chloroform, the reaction was com- 
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pleted. It should be observed that when more 
than minute quantities of molybdenum are 
present, the solution has a rose or red color due 
to the molybdenum pentoxide. Several blank 
determinations were made using the same quan- 
tities of reagents and carrying out the entire pro- 
cedure as in the actual experiments. It was found 
that the blank correction amounted to 0.05 cc. 
of the potassium iodate solution which has been 
deduct^ from each titration given below. 



Cc of 

Cc 

Mo 

Mo 



Mo 

KIO. 

Found 

Taken 

Error 


Sol 

Used 

Gram 

Gram 

Gram 

1 

420 

13 40 

0 0428 

0 0428 

0 0000 

2 

419 

13 25 

0 0424 

0 0427 

— 0 0003 

3 

29 9 

9 55 

0 0306 

0 0305 

+ 0 0001 

4 

20 5 

6 35 

0 0203 

00204 

— 0 0001 

6 

32 5 

10 30 

0 0330 

0 0332 

— 0 0002 

6 

46 0 

14 70 

00470 

0 0469 

+ 0 0001 

7 

34 9 

11 00 

0 0352 

0 0356 

— 0 0004 


Another series of experiments was made using 
weighed portions of molybdenum trioxide which 
pere dissolved in ammomum hydroxide, then 
bluted to 20 cc. with water, acidified with 20 cc. 
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of hydrochloric acid, reduced and titrated. The 
following results were obtained: 



MoO. 

KIO. 

MoO, 



Taken 

Used 

Found 

Error 

No 

Gram 

Cc. 

Grnm 

Gram 

1 

00648 

1145 

0 0549 

4- 0.0001 

2 

0 0627 

13 05 

0 0626 

— 0.0001 

3 

0 0163 

3 60 

0 0168 

-1-0.0005 


The results show that molybdenum can be de- 
termined with accuracy by the iodate method. 
It should be observed that it is of importance to 
keep the solutions thoroughly cooled and in a 
shaded place during the titrations, especially if 
much molybdenum is present in order to obtain 
a sharp end pomt. During the titration it is 
important to maintain not less than 12 per cent 
of actual hydrochloric acid in the solution to pre- 
vent the hydrolysis of the iodine monochloride. 
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THE DETERMINATION OF HYDROGEN 
PEROXIDE. 

The method is based upon adding a measured 
lume of hydrogen peroxide solution to an alka- 
e solution containing an excess of standard 
lium arsenite. When the reaction is com- 
ited concentrated hydrochlonc acid is added 
d the unaltered arsenite is titrated with a 
indard potassium iodate solution using chloro- 
m as an indicator. The amount of arsenite 
ind by titration is deducted from that taken, 
ang the quantity oxidized by the hydrogen 
roxide In order to obtain a quantitative re- 
ion with the hydrogen peroxide and the 
hum arsenite, it was found necessary to employ 
excess of sodium hydroxide as directed below, 
should be observed that this procedure is not 
luenced by the presence of organic preserva- 
es as IS the case with the weU-known per- 
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manganate method. The following equations 
represent the reactions which take place: 

AsgOg “1“ 2H2O2 = AsoOr -f- 2H2O 
AS2O3 + KIO3 + 2 HC 1 = AsoOr + KCl + 

ICl + H2O 

In order to test the method, a solution contain- 
ing 3.667 grams of potassium lodate in 1000 cc. 
was used. The tenth normal sodium areenite 
was prepared by dissolving 4948 grams of pure 
arsenious oxide in 50 cc. of water which contained 
4 grams of sodium hydroxide. When the arse- 
nious oxide had dissolved, 200 cc. of a saturated 
solution of sodium bicarbonate was added along 
with enough water to make 1000 cc. Tho rela- 
tionship between the arsenite and iotlate solutions 
was obtained by titrating a measured volume of 
the arsenite solution acidified with two-thirds 
volume of hydrochloric acid. Five cubic centi- 
meters of the sodium arsenite solution were found 
equivalent to 7.6 cc. of tho iodate solution or 1 cc. 
of KIOs = 0.667 cc. of AS..O3 If desired the re- 
lationship of the two solutions may be calculated 
as follows: 1 cc. of KIO3 — 0 003297 gram of 
AS2OS -4- 1 cc. of AS3O3 = 0 004948 gram of AS2O3 
= 0.667 cc. of the arsenite solution which is 
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identical with the result obtained by actual 
titration. 

The hydrogen peroxide solution employed to 
test the method was made by diluting 60 cc. of 
ordinary commercial peroxide to 500 cc. Meas- 
ured volumes of the arsemte solution which must 
be in excess of that required by the hydrogen 
peroxide taken for analysis, were placed in the 
glass stoppered titration bottles along with 10 cc. 
of a 10 per cent solution of sodium hydroxide. 
A measured volume of the hydrogen peroxide 
solution was added from a buret while the con- 
tents of the bottle were gently rotated. After 
the solution had stood for 2 minutes, 40 cc. of 
hydrochloric acid were cautiously added. The 
stopper was inserted, and while holding it firmly 
in place, the bottle was violently shalcen in order 
to separate as much carbon dioxide as possible 
from the solution. Then the stopper was care- 
fully released so as to allow the excess pressure 
of gas to escape without losing any solution. 
After adding 6 or 7 cc of chloroform, the un- 
oxidized arsenite was titrated with the potassium 
iodate solution. The iodate solution required for 
the titration was converted into its equivalent of 
arsenite solution which was deducted from that 
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originally taken, leaving that oxidized by the 
hydrogen peroxide. One cubic centimeter of the 
AsaOs solution was equivalent to 0 001701 gram 
of H 2 O 2 . The following results were obtained: 

AsjO, 

N/10 Sol. 


H,0, As,0 Oxidized By 



Sol. 

Sol 

KIO. 

by 

HA 

KingzcU 


Cc. 

Cc 

Used 

H 3 O, 

Found 

Mctliod 

No. 

Taken 

Taken 

Cc. 

Cc 

Gram 

Gram 

1 

161 

34.9 

490 

31 60 

0 0537 

— 

2 

15 0 

34 0 

5 02 

31 65 

00530 

0 0530 

3 

20.0 

46 0 

6 00 

42 00 

0 0714 

0 0710 

4 

20 0 

46 5 

545 

41 00 

0 0712 

— 

6 

22 0 

49 9 

590 

4() 00 

0.()7S2 

0 0781 

6 

22 0 

49 9 

6.90 

40 00 

0.07S2 

0 0781 


It should be noted that the titrations were made 
during a period of three hours after the prepara- 
tion of diluted hydrogen peroxide solution. It 
IS important to titrate the hydrogen peroxide 
solution, which has been diluted witli distilled 
water of the laboratory soon after dilution be- 
cause it was found the hydrogen peroxide gradu- 
ally decomposed. The results reported in addi- 
tion to other similar experiments show that the 
method gives accurate results. In practice it is 
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recommended that a fifth normal solution of 
sodium arsenite along with an equivalent potas- 
sium iodate solution (10.700 grains of EIOb per 
1000 cc.) should be used for this determination. 
The sodium arsenite solution prepared as already 
described has excellent keeping qualities. A solu- 
tion -well over a year old had not changed suffi- 
ciently to be detected. 
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THE DETERMINATION OF SULPHUROUS 
ACID. 

The method is based on the titration of sul- 
phurous acid with potassium io<late in the 
presence of 15 to 20 per cent of actual hydro- 
chlonc acid, using chloroform as an indicator. In 
order to test the method, a solution containing 
3.667 grams of potassium iodato in a 1000 cc 
was used. According to the cfiuation KIO., -(- 
2 H 2 SO 8 + 2H01 = 2I-LSOt -I- ICl + KCl + H^O 
the equivalent of this solution is 1 oc. ~ 0.00213.1 
gram of SOo. Measured quantities (5-20 cc.) of 
sulphur dioxide solutions which had recently lu'cn 
titrated by the Giles-Shcarcr method (.1. Soc. 
Chem. Ind. S, 197, and 4, 303) were placed in thr 
titration bottles. To each wa.s addc'd a thor- 
oughly cooled mixture of 30 cc. of hydrochloric 
acid and 20 cc. of water along with G cc. of chloro- 
form. During the first part of the titration the 
potassium lodate solution was added rapidly 
while shaking the bottle so as to give the con- 
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tents a rotaiy motion, until th© iodine which is 
liberated has largely disappeared from the solu- 
tion. Then the stopper is mserted and the 
solution is shaken. From this point the titration 
is continued with thorough shaking of the closed 
bottle after each addition of the potassium iodate 
solution until the end point is reached. The fol- 
lowmg results were obtained: 


No 

so. Taken 
Gram 

KIO, Used 
Co. 

SO, Found 
Gram 

1 

0.0224 

10 53 

00225 

2 

0 0290 

13 70 

00292 

3 

0 0290 

13 72 

00293 

4 

0 0315 

14 85 

00317 

6 

0 0317 

1495 

0 03 IB 

6 

0 0628 

29 70 

00634 


The following results were obtained by titrating 
measured quantities of a sodium bisulphite 
solution : 


SOj Taken 

KIO, Used 

SO, Found 

Gram 

Cc 

Gram 

0 0495 

23 40 

0 0499 

0 0492 

23 20 

0 0495 

0 0492 

23 15 

0 0494 

0 0328 

15 40 

0 0329 

0.0336 

15 70 

00335 
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It was found important to cool the hydrochloric 
acid solution to 18° C. before adding it to the 
sulphite solution. When it is desired to titrate 
much larger quantities of sulphite, it is recom- 
mended that the sulphite should be added to a 
titration bottle which contains 10 to 15 cc. of 
iodine monochloride solution in addition to the 
usual amount of hydrochloric acid. The iodine 
monochloride reacts with the sulphite and pre- 
vents the loss of any sulphite. The liberated 
iodine is titrated with potassium iodate in the 
usual manner. The use of iodine monochloride 
does not change the sulphur dioxide equivalent 
of the potassium iodate solution. The iodine 
monochloride solution is prepared as follows; 
Dissolve 10 grams of pure potassium iodide and 
6.44 grams of potassium iodate in 75 cc. of water, 
add 75 cc. of hydrochloric acid, then add 5 cc 
of chloroform in a glass stoppered bottle, and 
adjust exactly to a very faint iodine color (chloro- 
form) by shaking and adding a dilute solution 
of potassium iodide or iodate, as tho solution 
may require. This solution should be kept in 
a very dark place when not being used. 

Several experiments were made by adding 
weighed portions of sodium bisulphite to hydro- 
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>ric acid solutions to which iodine-mono- 
jride had been added as descnbed above, and 
br shaking the solutions, they were titrated 
li potassium iodate with the following results: 

Wt of 


INaSO, 

KIO.TJsed 

SO, Found 

SO, Present 

Gram 

Cc. 

Per Cent 

Per Cent 

0 0972 

26 35 

57.88 

6801 

01271 

34 56 

58 04 

58.01 

01302 

3785 

58.05 

6801 

01372 

37.25 

5796 

5801 


vas found preferable to weigh the sulphite in 
rt specimen tubes and after dropping them 
jfuUy into the titration bottles quickly to 
jrt ^e stoppers so as to avoid the loss of 
3hur dioxide. 

'he iodate method has been successfully ap- 
id to the analysis of sulphites and the deter- 
lation of sulphur dioxide m gaseous mixtures 
Percy Haller (J. Soc. Chem. Ind. 1919, S8, 52 
i6 T). The author found that by adding 6 cc. 
glycerme per 100 cc, of caustic soda solution 
d to absorb the sulphur dioxide from the gase- 
mixtures,the sulphite remained entirely unoxi- 
d, which was not the case in similar solutions 
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which contained no glycerine. He found that the 
passage of air and heating the solution had no 
effect on the sulphite in the presence of glycerine. 
The glycerine, if pure, does not interfere with the 
accuracy of the iodate titration. Mr. Haller 
stated that he did not find it necessary to use 
iodine monochlonde m the titration of sulphites 
by the iodate method. 
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THE DETERMINATION OF SODIUM 
THIOSULPHATE. 

Sodium thiocyanate has been found to react 
h potassium iodate in the presence of strong 
Irochloric acid according to the following 
lation: 

2KI08 + Na^SaOs SHaO + 2HC1 = 
Na^SOi + K 2 SO 4 + 2IC1 + 6 H 2 O 

n order to test the method several solutions 
sodium thiosulphate were prepared and stand- 
iized by titration with known quantities of 
"e iodine m the usual manner. Measured 
umes of these solutions were placed in the 
) cc. glass-stoppered titration bottles and 30 cc. 
hydrochlonc acid which had been cooled to 
>ut 18° C. was added. It is important to titrate 
soon as possible after the thiosulphate is 
►ught in contact with the acid. The following 
ults were obtained with a potassium iodate 
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THE DETERMINATION OF 
TETRATHIONATES 

Tetrathionates can be readily titrated in the 
same manner as thiosulphates, except that it is 
not necessary to tahe precautions about cooling 
the hydrochloric acid before it is added to the 
solution of the tetrathionate. The reaction be- 
tween sodium tetrathionate and potassium iodate 
in the presence of strong hydro^loric acid is as 
follows: 

2Na!S408 + 7KI08 + iOHCl = 

4 H 2 SO 4 -f 2Na2S04 + K 2 SO 4 -f 7IC1 -f 3KC1 
The following titrations were made with an iodate 
solution which had the value — 1 ec. = 0.003297 
gram of Na 2 S 406 : 


Wt of 



Na,S,0, 

KLO.JJ&ed 

Wt Pound 

Error 

No 

Gram 

Cc 

Gram 

Gram 

1 

0 0640 

19 35 

00638 

— 00002 

2 

0 0766 

23 20 

00765 

— 00001 

3 

01373 

41 70 

01375 

-1-0.0002 

4 

0 0872 

26 43 

00871 

— 00001 

5 

0106B 

32 30 

01065 

0 0000 

6 

O0S8O 

26 80 

00884 

— 0.0006 
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solution, 1 cc. of which was equivalent to 0.006300 
gram of NaaSaOs 5 H 2 O. 



Na,S,0,5H,0 KlO.Used 

Na^S,0.6H,0 

Error 

No 

Gram Taken 

Cc 

Gram Found 

Gram 

1 

0 0847 

16 00 

00848 

-1-00001 

2 

01008 

19 00 

01007 

— 0 0001 

3 

00613 

11 60 

00614 

-f 0 0001 

4 

0 0413 

7 80 

0 0413 

00000 

6 

01554 

2935 

01555 

-f 00001 

7 

0^051 

3870 

02051 

0.0000 

8 

0 2430 

45 95 

0 2435 

4-00005 

9 

01923 

36 30 

01924 

4-00001 


The results given above diow that the method is 
accurate. Care should be taken as in the case 
of all iodate titrations that sufficient hydrochloric 
acid IS used so that at least 12 per cent of actual 
acid is present at the end of the determination. 
This method is employed to standardize thiosul- 
phate solutions. 
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Dithionates were found to react so slowly with 
potassium iodate in the presence of hydrochloric 
acid that it was possible to titrate and determine 
the quantity of sodium thiosulphate in the pres- 
ence of dithionates. Likewise totrathionates 
could be estimated in mixtures with dithionates. 
It was found that barium and sodium dithionates 
were only partially decomposed by pf)tassium 
iodate after reacting for a day and no iodine was 
liberated for some time after these substances 
were brought together. 
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the determination op tin. 

The method is based upon the titration of pre- 
cipitated tin or stannous chloride with potas- 
sium lodate in the presence of strong hydrochlonc 
acid. This method has the advantage over others 
m that the end point is exceedingly sharp. !Fur- 
thermore, there is far less danger of over titrating 
the solution. Another advantage is that extreme 
precautions to prevent outside oxidation of the 
tin during the titration are not necessary because 
the potassium iodate solution may be added very 
rapidly to the appearance of iodine in the solu- 
tion, then without further precaution the titra^ 
tion can be completed as slowly as desired. It 
should be observed that the iodate method can 
not be employed to titrate tin or stannous chlo- 
ride in the presence of antimony, cuprous fer- 
rous salt or precipitated metals. However, in 
most cases, it is a simple matter to avoid or elimi- 
nate these interfering substances and apply the 
method with satisfactory results. 
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In order to test the method, a solution contain- 
ing 3.667 grams of potassium lodate in 1000 cc. 
was used. According to the equations 

KI08 + Sn + 6HCl = 

SnCl4 + m -H ICl + SHaO 

KIOs + 2SnCl2 + 6HC1 = 

2SnCU m -j- ICl + 3 H 2 O 

the equivalents of this solution are respectively 
1 cc. = 0 001983 gram Sn and 0.003966 gram Sn. 
The titrations were conducted in the usual 250 cc. 
glass-stoppered bottles in the presence of 30 cc. 
hydrochloric acid, 20 cc. of water, and 6 cc. of 
chloroform. During the first part of the titra- 
tion, the potassium iodate was added rapidly 
while shaking the bottle so as to give the con- 
tents a gentle rotary motion until the iodine color, 
which gradually appeared, had mcreased to the 
maximum amount, then the stopper was inserted 
and the solution was thoroughly shaken. The 
titration was continued with thorough shakmg 
of the closed bottle after each addition of potas- 
sium iodate solution until the end point was 
obtained. 

The first experiments were made using a solu- 
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)u of stannous chloride which was prepared by 
luting 50 cc. of the laboratory reagent to one 
er. This solution contained 225 cc, of 1 : 1 hy- 
ochloric acid which was sufficient to maintain 
perfectly clear solution. This solution was 
mdardized by the iodine method on three dif- 
[•ent days as indicated in the table below. No 
ecautions were taken to prevent the oxidation 
the stannous chloride and it was observed that 
e more solution removed from the liter flask, 
e faster the stannous chloride was oxidized by 
e oxygen of the air admitted to the flask, as 
)uld naturally be expected. The followmg re- 
Its were obtained: 


Date 

SnCl, 

KIO. 

Sn(aaSnCL) Present 

May, 

Sol 

Used 

By Iodine 

By Iodate 

1916 

Cc 

Cc 

Gram 

Gram 

14 

10 0 

16 0 

0 0636 

00635 

17 

100 

14 9 

0 0595 

00591 

17 

10 0 

15 0 

0 0595 

0 0595 

18 

100 

14 8 

0 0587 

0 0587 


will be observed that the iodate titrations 
lecked the iodine titrations closely. The iodate 
ethod will be found very convement to deter- 
ine the quantity of stannous chloride present 
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in solutions. In cases where it is necessary tc 
titrate considerable quantities of stannous chlo 
nde, it is recommended that a much stronger solu 
tion of potassium iodale be employed, as it is 
very important to have the solution at the eiu 
of the titration contain at least 12 per cent ol 
actual hydrochloric acid to prevent the hydrolysis 
of the iodine monochloride. 

For the next series of experiments, a standart 
solution was prepared by dissolving exactly 5 
grams of pure tin in about 150 cc. of liyclrochloru 
acid, with enough nitric acid to oxidize the tir 
to stannic chloride. Throe grams of tartaric acio 
were added and the solution was diluted to one 
liter. Measured portions of this solution were 
placed in titration bottles, in each of which wa' 
placed 2 grama of high gratle 80-incsh zinc. Aftc'i 
the reaction had proceeded for 20 minutes oi 
longer, 40 cc. of 1: 2 hydrochloric acid was added 
As soon as the zinc harl completely diasolved 
leaving metallic tin, several cc. of potassiunr 
iodate solution were added, followed by 10 ee. oi 
hydrochloric acid, and a piece of phitinum foi 
to facilitate the solution of the tin. The titratior 
was continued with very thorough shaking unti 
the tin was practically all dissolved. Then 6 cc 
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chloroform were added and the titration fin- 
led in the usual manner. It is very important 
rmg the titration to add sufficient potassium 
late so that there is free iodine or iodine mono- 
loride present in the solution at aU times, 
lerwise some of the tm might dissolve, form- 
; stannous chloride and hydrc^en and thus 
use a serious error. A blank determination 
ing 2 grams of zinc and the same quantity of 
drochlone acid as in the actual titrations re- 
ired 0.40 ce. of potassium iodate solution which 
8 been deducted from the amounts of solution 
[lOs used) in the following table: 


KIO, 

Tin 

Used 

Present 

Cc. 

Gram 

15 00 

0 0300 

30 40 

0 0600 

7 60 

0 0150 

30 20 

00600 

24 00 

0 0476 

20 95 

0 0420 

45 40 

0 0900 


Tm 


Found 

Error 

Gram 

Gram 

0 0297 

— 00003 

0 0601 

+ 00001 

0 0151 

+ 00001 

0 0599 

— 00001 

0.0478 

+ 00002 

0 0416 

— 0 0004 

0 0902 

+ 00002 


ese results show excellent agreement with the 
antities of tin present, thus confirming the 
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equation given above. The solution of tii 
even in the presence of platinum was slow anc 
it was found that a titration required from one 
half to three-quarters of an hour for com 
pletion. 

Since it appeared that nickel would be the mos 
suitable reducing agent for general use with tin 
iodate method, the next series of experiments wa; 
made using strips (1 X 5.5 X 0.1 cm.) of shee 
nickel for the reduction, which was found satis 
factory. The reduction was made in 250 cc 
Erlenmeyer flasks provided with a 2-hole rubbe 
stopper which carried a glass tube extending t< 
wiliiin 1 cm. of the surface of the liquid. Thi 
other hole was provided with a short tube whicl 
extended a short distance below the stopper. Sev 
eral experiments were made using measured por 
tions of the stannic chloride solution describe! 
above. To each portion of this solution 15 cc 
of hydrochloric acid and 2 nickel strips wen 
added. The stopper was inserted and the flasl 
was heated on the steam bath for 45 minutes b 
insure complete reduction of the tin. Then a cur 
rent of carbon dioxide was passed through th 
longer tube and the flask placed in ice watei 
When the solution had reached approximately th 
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temperature of the bath, it was filtered by suc- 
tion into a titration bottle (containing 6 cc, of 
chloroform) to remove the finely divided nickel 
which had separated from the edge of the strips. 
The filter used was a calcium chloride prolong 
tube (10 >< 1.8 cm.), provided with a perforated 


Rkuuctikn dy Sheet Nicicbl and Titration of 
Stannous Salt 



SnCl, 

KIO, 

Tin 

Tin 


Takoii 

Used 

Present 

Found 

No 

Cc 

Cc 

Gram 

Gram 

I 

:^() 0 

22.77 

00900 

‘ 00900 

2 

21 0 

15 80 

0 0030 

00627 


ISO 

18 00 

00540 

0 0539 

1 

10 0 

7 55 

0 0300 

0 0299 

r> 

0 0 

7 40 

0 0297 

00294 

() 

10 0 

7 50 

0 0300 

0.0298 

7 

10 0 

7 50 

0 0300 

0.0298 


platinum disk upon which was placed a thin 
layer of absorbent cotton, a layer (2 5 cm.) of 
purified sea sand, and another thin layer of cot- 
ton on top. Other filter mediums were tried but 
were not found satisfactory. Before pouring the 
solution into the filter, a moderate stream of car- 
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bon dioxide gas was led in by means of a be 
glass tube which extended to within 1 cm of t 
filter bed for a minute after starting the suctic 
The flask and filter were washed with small qua 
titles of 1; 1 hydrochloric acid and the solutn 
was titrated at once. It was found necessary 
make blank determinations under the veiy san 
conditions as in the actual exporimc'nts with ea( 
new lot of sheet nickel and apply the eorreetioi 
(due to the iron content of the nickel) to tl 
subsequent titrations. The n^suKs in the tab 
given above include this correction, ainounfing 
0.5 cc. of potassium iodate solution. 

Determination of Tin in Solder and Type Metal 

In order to apply this method to the detc 
mination of tin in these alloys, a sample of 0 
to 0 5 gram, depending upon the (piantity of t. 
present, was heated in a 250 cc. Erlenineyer flaf 
with 15 cc. of concentrated suljihuric acid, 
is very important to boil the solution gently unt 
all sulphur dioxide is expelled, otheiwise it woul 
be titrated along with the tin. After c(K)linj 
20 cc. of water and 15 cc. of hydrochloric aci 
were added, after which the tin was reduced an 
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titrated as described above. The following re- 
sults were obtained : 




Alloy 

KIO, 

Gray. 

Tm 



Taken 

Used 

Det 

Found 

No 

Stamplc 

Gram 

Co 

Per Cent 

Per Cent 

1 

Type metal. 

0 5000 

6 30 

6 04 

499 

2 

it it 

0 5000 

6 25 

6 04 

4 96 

3 

t( u 

0.5000 

3 90 

3 20 

3 09 

4 

U tl 

0 5000 

400 

3 20 

317 

6 

Solder . . . 

0 2000 

19 60 

3876^ 

38 86 


■ lodiiici luothod 


It is recommended that a potassium iodate solu- 
tion containing 8.994 grams of KIOs per liter 
(1 cc. = 0.01000 gram Sn) should be used for the 
analysis of solders, using a 0 5 gram sample. It 
should be observed in the analysis of type metals, 
etc., that when the filter becomes clogged with 
precipitated antimony, it should be heated with 
warai nitric and tartanc acids and washed 
thoroughly with water until all of the antimony 
is removed. Also it is advisable to keep the nickel 
strips free from deposited metals by frequent 
cleaning. 
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Determination of Tin in Bronze and Other Alloys. 

Alloys contaming copper are best decomposed 
in the usual manner with nitric acid The meta- 
stannic acid is filtered on a Gooch crucible. After 
washing the precipitate, it was transferred along 
with the asbestos mat to a 250 cc. Erlcnmeyer 
flask, any precipitate adhering to the sides of 
the crucible being removed with a pinch of 
shghtly damp asbestos and added to that in the 
flask. About 15 cc. of concentrated sulphuric 
acid were added and the flask was heated until 
the acid had boiled gently for 2 or 3 minutes. 
After cooling thoroughly 20 cc. of water and 15 
cc. of hydrochloric acid were added. The asbestos 
was Altered on a Gooch crucible and washed with 
1 : 1 hydrochloric acid, using as little as possible. 
Then the solution was reduced with nickel and 
titrated. An analysis of a bronze gave the follow- 


ing results: 

mo. 

Tin by 

Tin 

Alloy 

Used 

Grav Dot. 

Found 

Gram 

Cc 

For Cent 

Per Cent 

0.5000 

10.96 

8.76 

868 

0 5000 

1093 

875 

8 66 

0 5000 

11.06 

8.76 

8.76 
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The results given in the above tables diow that 
the iodate method is applicable to the satisfac- 
tory determinations of tin in alloys of various 
kinds. 



THE DETERMINATION OF ZINC 


This method is based upon the precipitation of 
zinc in neutral or acid solutions by a reagent 
which contains 39 grams of ammonium or potas- 
sium thiocyanate and 27 grams of mercuric chlo- 
nde per liter. The precipitate of zinc mercuric 
thiocyanate is filtered and titrated with potassium 
lodate solution in the presence of strong hydro- 
chloric acid and chloroform indicator. Tlie re- 
action which takes place is according to the fol- 
lowing equation: 

ZnHg(SCn) i -J- GKIOa + 12I1C1 ZnSO, + 
HgSOi -f 2 HaS 04 -H 6IC1 -h 4HCn + 

6KC1 + 2 H 2 O 

In order to get a quantitative precipitation of 
the zme mercuric thiocyanate there should not 
be more than 5 per cent of free acid pn‘sent 
in the solution before the addition of tlio pre- 
cipitating reagent. Also it should be observed 
that in cases where larger quantities of acid are 
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required for the solution of a substance, the ex- 
cess of acid should be neutralized with sodium 
hydroxide instead of ammonia, because an exces- 
sive quantity of ammonium salts exerts a solvent 
action upon the precipitate of the double thio- 
cyanate. In applying this method it should be 
observed that bismuth cadmium, cobalt, copper, 
manganese, and mercurous compounds give in- 
soluble double thiocyanates. Nickel in small 
quantities does not interfere appreciably with the 
method. When appreciable quantities of feme 
compounds are present, it is best to reduce them 
with sulphur dioxide, otherwise some feme thio- 
cyanate IS carried down with the zme precipitate. 

In order to test the method two solutions were 
prepared from Kahlbaum’s purest zinc sulphate. 
They were standardized by the well-known phos- 
phate method. Measured volumes of these solu- 
tions were taken in perfectly cleaned small beak- 
ers. Each solution was treated with 25 cc. of the 
precipitating reagent described above and 20 cc. 
of water. The solutions were vibrated by strik- 
ing the sides of the beakers with a stirring rod 
to facilitate the separation of the crystals. After 
the solutions had stood for about 5 minutes, 
they were briskly stirred with a glass rod previ- 
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oualy moistened with water, for about a minute 
This treatment permitted tlio rod to be easilj 
rinsed free from the precipitate so that it coulo 
be removed from the solution. In all eases, tin 
solutions were allowed to stand at h'ast an houi 
before filtration. The prccijntates were colh'ctod 
on 7 cm. filter papem placed in small Iliivsch 
porcelain funnels using gentle suction and wore 
w'ashed four or five times with a solution which 
contained 5 cc. of the mercuric thioiiyanato re- 
agent and 460 cc. of water. When the filters 
had drained, the filter papers containing the 
precipitates were carefully removed ami folded 
so that they could be placed in tin* titration 
bottles. A thoroughly cooled mi.xture of .'15 cc. 
of hydrochloric acid and 10 cc. of water along 
with about 7 cc. of chloroform was added to one 
of the titration bottles containing th<‘ zinc mer- 
cunc thiocyanate, because it is liest to titrate 
immediately after the addition of 1h(> acid. Dur- 
ing the first part of the titration, the potassium 
iodate solution is added rapidly wdiile rotating 
the bottle in order to keep the contents mivefl. 
When the iodine which is liberated during the 
first stage of the reaction has disaiipeared fnun 
the solution, the stopper is inserted and the eon- 
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tents of the bottle are thoroughly mixed by shak- 
ing for about half a minute. From this point 
the titration is continued slowly, shaking the 
closed bottle thoroughly after each addition of 
potassium iodate until the iodine color has dis- 
appeared from the chloroform indicator which 
marks the end point. If more than 50 cc of 
the potassium iodate solution is required for a 
titration, 10 to 15 cc. more of hydrochloric acid 
should be added before continuing the titration, 
in order to prevent the hydrolysis of the iodine 
monochloride. The following results were ob- 
tained using a solution which con tamed 39.2882 
grams of potassium iodate in 1000 cc. and 1 cc. 


was equivalent to 0.002000 gram 

of zinc. 


Zinc Taken 

KIO, 

Zinc Found 

No 

Gram 

Co. 

Gram 

1 

0 0925 

4615 

0 9230 

2 

01007 

5035 

01007 

3 

0 0822 

4100 

0 0820 

4 

01028 

6120 

01024 

5 

0 0411 

20 55 

0 0411 

6 

0 0966 

4815 

0 0963 

7 

0 0616 

30.76 

00615 

8 

0 0493 

2460 

0 0492 
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The Determination of Zinc in Commercial 
Zinc Arsenite. 

Weighetl portions were dissolved in 3 ec. of 
hydrochloric acid. About 10 cc. of strong sulphur 
dioxide water was added aiul the solulions were 
heated upon the steam bath until the odor of 
sulphur dioxide had largely disappeared. This 
treatment was made to reduce the ferric chloride 
because it was previously found that there was 
enough iron in these samples to give tlie precipi- 
tated zinc mercuric thiocyanate a strong color 
which could not be removed by washing. Wln'ii 
the heated solutions had cooled to room tempera- 
ture 25 cc. of the precipitating thioeyanat(‘ rea- 
gent was added and the analyses were conducted 
as desenbed above. The following result.s wviv 
obtained: 1 cc. of KIO;, yd. --O.Ut)2-lSO gram of 
ZnO. 



Zinc 

KIO, 

ZnO 

ZnO Oy 
Plujsphato 


Arsuiulc 

Used 

Fomul 

Mftlind 

No 

Gnim 

Cc. 

IVr C'cnt 

IVr Ci‘iit 

1 

0 214() 

48 (K) 

55 (i7 

55 66 

1 

0 2578 

5() 30 

55 65 

— 

2 

01607 

35 00 

55 60 

55,50 

2 . 

0 2110 

V 47.15 

55 62 

— 
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ATOMIC WEIGHTS (1923). 

Antimony 120.20 

Arsenic 74 9G 

Cadmium 112 40 

Chlorine 3r>.4() 

Chromium 02 00 

Cobalt OS 07 

Copper 03 07 

Hydrogen . 1 .00? 

Iodine 120 02 

Iron OO.S'i 

Manganese 04 03 

Mercury 2{KI fiO 

Molybdenum ‘.Hi 00 

Nickel OS os 

Nitrogen 14 01 

Oxygen ll).00 

Phoaphorua 311)1 

PottiHSium 30 10 

Silver 107 KS 

Sodium 23 (M) 

Sulphur 32 00 

Tm US 70 

Zmo 00.37 
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